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ABSTRACT
This study integrates geology with remote sensing techniques to establish geological structures and their associated

economic mineralization in the rocks of Mwitika-Makongo area. The objective of this study was to map

hydrothermally altered zones from Landsat 8/OLI of the study area and validate the results with geological mapping.

The remote sensing methods included; band combinations, band ratios and lineament extraction. Geological

methods consisted of, field mapping and geochemical analysis. The integrated techniques resulted in lithological

discrimination of hydrothermally altered zones. Geological field mapping and geochemical investigations led to the

interpretation of some iron mineralization in hydrothermally altered zones, especially around Kalima Kathei. It also

led to the conclusion that lineaments control drainage patterns in the area. Chemical analysis using X-Ray

fluorescence, for mineralized samples followed by Pearson correction matrix of the chemical data gave a strong

correlation between Fe2O3, TiO2 and P2O5 indicating that their mode of delivery in the area could be similar, with a

likely source from hydrothermal fluids in the area. These results confirmed the findings from remote sensing studies

on hydrothermal alteration. It was therefore concluded that integration of remote sensing techniques and geological

field mapping provide a tool for delineating economic mineralization in Neoproterozoic rocks.
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INTRODUCTION

The Mwitika-Makongo study area occurs within the
Neoproterozoic metamorphic belt rocks of Kitui East sub-county.
Previous geological surveys within the area have established the
occurrence of several mineral resources of economic potential
like iron ore, magnetite and coal. However, these previous
geological surveys were conducted using field observations and
limited use of technology. This has led to a vast majority of the
area’s local geology being poorly understood. With the current
advancement in technology, unearthing the details of the area
local geology could be key to unlocking the vast mineral
potential and exploration prospectivity.

The current advancement in Remote Sensing technology like the
introduction of Landsat-8/OLI with a higher number of bands
and narrow bandwidth has led to an improvement in geological

mapping. This study integrates the use of Remote Sensing
techniques and geological field mapping in delineating
economic mineralization in rocks of the study area. Specific
objectives of this study was to; (i) Map hydrothermally altered
zones from satellite imagery (ii) Extract lineaments from
Landsat-8/OLI bands of the Mwitika-Makongo area, (iii)
Geologically map zones highlighted from satellite imagery as
economically mineralized, and (iv) Validate the results from
remote sensing investigations with those obtained from the
geochemical analysis.

An image subset of Landsat-8/OLI data year 2019 scenes
LC81670612019025LGN00 was downloaded from the USGS
website page. The downloaded data was processed using ENVI
5.3 and ArcGIS 10.5 software. The satellite image processing
techniques such as Color composite and band rationing were
applied to achieve the main purpose of this study. To validate on
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the results from satellite imagery, rock and mineral samples
collected during geological field mapping were analyzed in the
laboratory to ascertain their economic potential.

MATERIALS AND METHODS

The study area is located in Kitui County about 160 km east of
Nairobi City. The Mwitika-Makongo study area is bounded by
longitudes 38° 18' E to 38° 26' E and latitudes 1° 22' S to 1° 32'
S, covering an approximate area of 100 Km2 (Figure 1). This area
can be accessed from Nairobi through the Thika-Kitui-Zombe
road or the Machakos-Kitui-Zombe road. The study area is
located to the eastern side of Zombe town and is easily accessed
through a murram road that is regularly graded.

Figure 1: The location of the study area in Kenya.

To achieve the study objectives, materials and methods from
remote sensing, geological mapping and geochemical
investigations were used.

Remote sensing

Remote sensing is the collection of information about an object
or area without being in physical contact with it. Satellite remote
sensing remains one of the best techniques for mapping not
only the geology of a place but also the associated structures [1].

To map hydrothermally altered zones and extract lineaments of
the study area, digital satellite imagery (Landsat 8/OLI) from
USGS was used. Image analysis was done using ENVI 5.3 and
ArcGIS 10.5. PCI geomatics 2016 was used for extraction of
lineaments.

Geological mapping

To identify lithological units that were highlighted from satellite
imagery as economically mineralized, the researcher carried out
geological field mapping and sample collection of rocks and
minerals in the area. Samples were collected along several
traverses in a grid on foot. Fresh rock and mineral samples were
collected and packaged in bags for further analysis in the
laboratory.

Geochemical analysis

For this research work to indicate the quality of potential
economic rocks and minerals in the study area, samples were
collected from areas selected from satellite imagery as
mineralized. The geochemical analysis was through X-ray

fluorescence (XRF). This was done in the laboratory of the
Ministry of Mining and Petroleum in Kenya. Samples were
prepared by pulverizing using a pulverizing machine (laboratory
pulverizer) to grains of 100 microns in diameter. After
pulverization, the samples were packed, sealed and taken
through chemical analyses. This was done to find out the
presence and concentration of major and trace elements of the
analysed samples.

RESULTS

Remote sensing investigation

Color Composite Band Combination: Several different spectral
bands of Landsat-8/OLI data were selected and combined in an
RGB Color system. Bands 5,6,7 (Figure 2) composite was used
to discriminate hydrothermally altered zones. In false-Color
image 5,6,7 red Color represents healthy vegetation, the light
blue Color represents outcrops, bare land and sands, the dark
blue Color represents hydrothermally altered rocks, and the
light green represents unhealthy vegetation.

Figure 2: FCC RGB bands (5,6,7) dark blue color represents
hydrothermally altered rocks.

Band Ratio Combination: To enhance hydrothermally altered
rocks in Neoproterozoic Mozambique rocks of the study area,
band rationing was performed. Different band ratios were
combined and assigned to RGB. The most appropriate ratio
combination was found to be (4/2, 6/7, 6/5). Image
incorporation of bands 4/2, 6/7 and 6/5 was used to
discriminate altered from unaltered outcrop and highlight areas
where intrusive rocks occur. In Figure 3, the blue Color
represents altered rocks in the study area.
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Figure 3: FCC band ratio (4/2, 6/7 and 6/5) RGB, the blue
color represents altered rocks in the NE part of the satellite map.

Lineament extraction: The automatic lineament extraction
from Landsat 8/OLI bands of the study area was performed
under line extraction parameters of PCI Geomatica 2016. The
first principal component image (PC1) of Landsat 8 pan-
sharpened reflected bands had good visualization of linear
features due to it carrying most information from all the bands.
PC1 was therefore preferred and suitable for lineament
extraction. The obtained total lineaments from automatic
lineament extraction from PC1 were visually edited to extract
only the structural lineaments that were necessary for this study
(Figure 4).

Figure 4: Lineament map of Mwitika-Makongo area.

Geological mapping

The Mwitika-Makongo area was identified as a medium to high-
grade metamorphic terrane with a North-South general
structural trend. The rocks of the Makongo area are almost
entirely of Neoproterozoic Mozambique Belt origin. They
include the granitoid gneisses, metamorphosed psammitic rocks
like quartzites and metamorphosed semi-pelitic like the biotite
gneisses. Sandy soil deposits of Pleistocene and Recent Age,
which include red and black soils are also found in various
localities. On the local scale, granitoid gneisses and migmatites
are the dominant rocks. Biotite gneisses, hornblende-biotite
gneisses and quartz-feldspar-biotite gneisses occupy few areas.

Intrusive rocks like gabbros and pyroxenites also occur as
intercalations.

The geological structures of Mwitika-Makongo area include
structures like foliation planes, lineations, folds, faults,
pegmatites, veins and joints. Majority of the faults observed were
confined within Makongo hill (Plate 1). The hill is highly
faulted in all sides but major fault lines were observed on the
western and eastern parts. During geological field mapping, it
was ascertained that majority of the streams in the area flow
through fracture zones and fault lines. This confirmed the
observations from satellite imagery that drainage pattern in the
area are guided by lineaments.

Plate 1: (A) Normal fault observed at Ngaaka yakwa with a
dipping hanging wall, (B) Graben formed from faulting on the
eastern side of Makongo hill (UTM: 430874/9844238).

Various economic mineral resources were found in the study
area. They include iron ore, magnetite, gemstones, and
feldspars. Economic mineral deposits of iron ore and magnetite
were conspicuously found in areas highlighted by satellite
imagery as hydrothermally altered at Kalima Kathei hill (Plate 2).

Plate 2: Hammered iron ore sample at Kalima Kathei.

Geochemical analysis

X-Ray Fluorescence method was used to analyze major, minor
and trace elements from the rock samples collected from the
study area. The major elements are given in weight per cent.
Pearson correction coefficients were used to test the dependence
between the ten major geochemical elements. The Pearson
correlation matrix results were plotted using MS Excel (Table 1).
From this matrix, a positive correlation between two elements
means that their mode of delivery into the rocks of the study
area is similar.
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From these analyses, it is noted that SiO2 correlates negatively
with Fe2O3Total, CaO, MgO, MnO, TiO2 and P2O5. This
means that their delivery mode in the Mwitika-Makongo study
area is not similar. A strong correlation was noted between
Fe2O3Total, TiO2 and P2O5 indicating that their mode of
delivery in the area could be similar, with a likely source from
hydrothermal fluids whose source is magmatic intrusions in the
area.
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Table 1: Pearson correlation matrix for major elements in
Mwitika-Makongo area.

DISCUSSION

Interpretation of the results from Color composite was
compared with other research findings on hydrothermal
alteration mapping [2] used Color composite bands 5,6,7 in
mapping hydrothermal altered rocks. The altered rocks appeared
as blue and were related to gold mineralization [3] used bands
5,6 and 7 when mapping for hydrothermal alteration zones in
Eburru. His research work highlighted areas in blue Color as
hydrothermally altered, hence related to geothermal activity in
the area. Color composite bands of Landsat 8/OLI to highlight
areas of Neoproterozoic belt rocks as hydrothermally altered in
blue Color. It is evident from this research work and others that
have previously been carried out, that Color composite can be
used to map hydrothermally altered zones and mineralized areas
[4].

Band ratio has been successfully used in mapping hydrothermal
alteration zones, [3-6]. Lineaments can also be extracted from
satellite images using both manual visualization and automatic
lineament extraction through software such as PCI GeoAnalyst,
Geomatica and Matlab. GeoAnalyst-PCI package to extract
structural lineaments in Ikutha area. Through geochemical
analysis and Pearson correlation of major elements, showed that
iron in Ikutha came from hydrothermal/magmatic source due to
its negative correlation with materials of the host rock. In this
study, it has therefore been illustrated that remote sensing
techniques can be used to supplement geological field mapping
in delineating zones of economic mineralization [7,8].

CONCLUSION

Satellite remote sensing is one of the best techniques for
mapping geological structures and mineralized zones. This is
because of its ability to capture data at different bands using the
reflectance energy from objects on the ground based on their
unique spectral signatures. A major challenge exists in
interpretation because it requires human intervention. Since
different people could interpret different features differently,
ground-truthing is therefore a critical stage.

The study concludes that the use of Landsat 8/OLI was an
effective method of mapping economic mineralized zones and
geological structures in the Mwitika-Makongo area. Through
band composite, the study showed a significant relationship
between hydrothermally altered rocks and economic minerals
like iron ore and magnetite. Ground trothing through geological
field mapping and geochemical analysis supplemented on the
results from remote sensing that iron ore in the area is from
hydrothermal alteration. The results from geochemical analysis
validated those of remote sensing that mineralization in the area
is by hydrothermal alteration as Fe2O3, P2O5 and TiO2 had a
strong correlation. The use of remote sensing techniques has
therefore proved that they provide a considerable degree of
accuracy in mapping economic mineralized areas and therefore
supplement on geological mapping.

This study recommends the use of high-resolution imagery like
Aster with 14 bands that are adequate in mapping small
differences in geological units because of the wider spectrum the
bands cover. Geophysical survey should be conducted around
the Kalima Kathei area to ascertain the quantity of the
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economic mineralized resources like iron ore and magnetite. A
further geological investigation should be carried out around
Makongo hill to establish the cause of the numerous faults
around the hill. A hydrogeological survey should be conducted
around Makongo hill to gauge the area’s groundwater potential
given that the area is classified as semiarid.
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